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Abstract 


The common black field cricket, Gryllus assimilis (Orthoptera: 
Gryllidae), damages young plants of red cedar, Juniperus virginiana 
(Cupressaceae); strawberry, Fragaria x ananassa (Rosaceae); sugarcane, 
Saccharum officinarum (Poaceae); teak, Tectona grandis (Lamiaceae); upland 
cotton, Gossypium hirsutum (Malvaceae); and, mainly, Eucalyptus spp. 
(Myrtaceae). The objective of this study was to investigate the biological 
and behavioral parameters of this insect in the laboratory and in Eucalyptus 
spp. plantations in Inhambupe, Bahia State, Brazil. The incubation period 
and the viability of G. assimilis eggs were 11.87 days and approximately 
22%, respectively. The duration of the nymphal stage was 62.34 days 
with approximately 60% of the nymphs obtained in the laboratory being 
females. The average number of egg batches per female, eggs per female, 
and eggs per batch per female of this insect were 25.50, 862.17, and 
34.65, respectively. G. assimilis females lived for 76.50 days in the adult 
stage, and 138.34 days in total, from egg through nymph to adult. Males 
produced three characteristic sounds: one for the marking of territory, one 
for courtship, and one when alone. G. assimilis fed primarily on weeds 
but, in their absence, it damaged young Eucalyptus spp. plants. This paper 
presents important data on the biology and behavior of G. assimilis; this 
information may encourage additional biological research, laboratory 
rearing, and integrated management of this pest. 
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Introduction 


The common black field cricket, Gryllus assimilis (E, 1775) 
(Orthoptera: Gryllidae), is a pest of Eucalyptus spp. (Myrtaceae) 
(Severin 1926, Barbosa et al. 2009, Silva et al. 2013). Adults and 


nymphs commonly damage outdoor plants, mainly nursery seed- 
lings and young plants in the field (Spann 1934, Barbosa et al. 
2009, Weissman et al. 2009). Occasional damage to seeds shortly 
after sowing and in adult Eucalyptus spp. trees has been reported 
(Grodzki 1972, Barbosa et al. 2009, Silveira et al. 2014). Damage 
by nymphs and adults (Hutchins and Langston 1953) may ne- 
cessitate the replanting of Eucalyptus spp. to maintain the desired 
number of plants per hectare (Folsom 1931, Thomas and Reed 
1937, Doggett et al. 1980). G. assimilis has been reported from 
Canada to Argentina and from the Atlantic to the Pacific Oceans 
(Rehn and Hebard 1915, Alexander and Walker 1962, Weissman 
et al. 1980, 2009). 

Eucalyptus spp. planting is done in the months prior to and 
during the rainy season in Brazil when irrigation is, generally, not 
necessary (Stape et al. 2001, Sampaio et al. 2016), making con- 
ditions favorable for G. assimilis, which prefers moist soil and a 
dark environment (Grodzki 1972, David et al. 2003, Barbosa et 
al. 2009). Nymphs and adults of this pest feed on the stem, leaves, 
roots, and branches of young Eucalyptus spp. plants during the 
night and remain hidden during the day in holes or between clods 
of earth and vegetation on the ground (Grodzki 1972, David et 
al. 2003, Barbosa et al. 2009). Damage by Gryllus sp. adults was 
recorded only on the lower third of Eucalyptus grandis seedlings 
in a laboratory in Brazil, and damage was greater to plants on the 
ground than in those grown in raised beds in a nursery (Barbosa 
et al. 2009), probably due to this insect’s inability to jump or fly 
to elevated heights (Guerra and Pollack 2007). 

Management strategies for G. assimilis in Eucalyptus spp. and 
other forest trees in the nursery and the field depend on studies 
of the biology and behavioral aspects of this insect (Mello et al. 
1980, Hall 1988, Bertram and Rook 2012). An online system for 
rapid identification of insect pests in commercial teak plantations, 
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Tectona grandis (Lamiaceae), including G. assimilis, using smart- 
phones as the inference mechanism, was developed (Nascimento 
et al. 2016). G. assimilis was found to inflict damage to E. grandis 
seedlings up to 40 days after planting, and this damage was lower 
in plantations near native forest areas (Barbosa et al. 2009), prob- 
ably due to the presence of G. assimilis predators in the forest areas 
(Severin 1926). The objective of the present study was to evaluate 
the biology and behavior of G. assimilis in the laboratory and Euca- 
lyptus spp. plantations in Inhambupe, Bahia State, Brazil. 


Material and methods 


Study site.—The study was carried out in the Laborat6ério de Pro- 
tecao Florestal (LPF) at 26.5 + 0.5°C, 61.0 + 0.5% RH, and 12h:12h 
(L:D) photoperiod, and in Eucalyptus spp. plantations (11°47'S x 
38°21'W, 292 m above sea level) of Bracell Ltd. in Inhambupe, 
Bahia State, Brazil, with a temperature and RH of 26.5 + 0.5°C 
and 62 + 15%, respectively. Meteorological data were obtained 
from the company weather station located about 5 km from the 
study site. The municipality is located on the northern coast of 
Bahia State, where Eucalyptus spp. are planted for the production 
of special soluble cellulose (basically two types: rayon-grade and 
specialty-grade) with a-cellulose content above 98.5%. Eucalyptus 
spp. pests, including G. assimilis, have been reported in Inham- 
bupe and in another 20 municipalities of Bahia State (Masson et 
al. 2017a, b). 


Collecting insects of the parental generation in the field.—G. assimilis 
adults were collected from the study site at night during outbreaks 
on recently planted Eucalyptus spp. seedlings and brought to the 
laboratory in individual plastic containers (500 mL) lined with 
hydrophilic cotton. For mating, each pair was placed in a glass 
container (1.5 L) closed with polyvinyl chloride (PVC) fabric. Into 
each glass container was placed a plastic container (4 mL) with 
freshly harvested, crushed Brassica oleracea group acephala (Brassi- 
caceae) leaves as food, another container (4 mL) with hydrophilic 
cotton soaked in distilled water as a moisture source, and a third 
container (60 mL) with oviposition substrate (3 cm of sieved and 
sterilized fine sand) (Mello et al. 1980). This sand was sieved us- 
ing a Granutest n° 35 sieve (Sao Paulo State, Brazil). Corrugated 
and perforated cardboard was also placed in the container for 
shelter and shade (Mello et al. 1980), an important addition for 
G. assimilis as it is nocturnal (Ackert and Wadley 1921) as well as 
cannibalistic and an omnivore (Blatchley 1901). 


Insect identification.—G. assimilis was identified by Dr. Evoneo Berti 
Filho of the Departamento de Entomologia e Acarologia at the 
Universidade de Sao Paulo in Piracicaba, Sao Paulo State, Brazil. 
Five adult males and five adult females collected in Eucalyptus spp. 
plantations in Inhambupe were identified by comparing external 
morphology with that described in Weissman et al. (1980). 


Rearing eggs, nymphs, and adults of the F1 generation.—G. assimilis 
eggs obtained from adults collected in the field were placed in Petri 
dishes (9 cm diameter) lined with sterilized fine sand. Nymphs 
obtained from these eggs were each put in separate Petri dishes (15 
cm diameter) using a fine-tipped brush. The nymphs were given 
the same food and moisture source as the adults were given. 

Forty healthy G. assimilis adults (20 males and 20 females) of 
a larger size were selected from the nymphs reared in the labora- 
tory, which were in turn obtained from individuals collected in 
the field and mated as described. The mating and maintenance of 
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adults and the collection and maintenance of G. assimilis eggs were 
performed as for the parental generation. If one half a pair died, it 
was replaced with a healthy individual of the same sex. 


Biological evaluations of the F2 generation nymphs in the laboratory.—G. 
assimilis nymphs were obtained from eggs laid by the F1 generation 
adults in the laboratory. First-instar nymphs were kept individually 
in Petri dishes (15 cm diameter) until the end of the last instar. 
The number of instars and the duration of the nymph stage (days) 
were quantified by counting the number of exuviae observed on 
the base of the rearing containers during daily evaluations. 


Behavioral assessments of nymphs in the laboratory (F2 generation) and 
field.—The behavioral aspects of G. assimilis were determined via 
visual observation throughout the insects’ life cycle in the labora- 
tory, as well as day and night visits (two visits per month in the 
morning, afternoon, and night periods for 12 months) and notes 
in the field. The following behavioral parameters were measured 
and basic statistics obtained: beginning, ending, and hatching 
peaks of the nymphs; the dispersal behavior of the nymphs shortly 
after hatching in the rearing containers; their coloration two hours 
after hatching and the changes in coloration with development; 
their feeding start time; and the acts of cannibalism and the per- 
centage of each body part attacked. The percentage of first instar 
nymphs adhered to eggshells and the percentage of these nymphs 
that died were quantified. The percentage of nymphs that fed on 
their exuviae was also assessed. 

In the field, the depth (cm) of galleries with aggregated first 
instar nymphs, and the nymphs’ dispersion characteristics, ac- 
cording to their development, were registered from 20 randomly 
selected galleries excavated between 04:00 and 08:00 AM, which 
is the period of greatest occurrence of this insect in Eucalyptus spp. 
plantations. 


Bioecological evaluations of F2 generation adults and their eggs in the 
laboratory.—The sex ratio (females: males) was evaluated with the 
females identified by the ovipositor at the abdomen extremity 
(Weissman et al. 1980). Copulation was reported and described. 
The number of copulations per couple and the copula time (h) 
were obtained daily by visual observations during the adult stage. 
The period (days) of pre-oviposition, oviposition, and post-ovipo- 
sition, the number of egg batches (eggs laid per oviposition act) 
and eggs per female, the number and viability (%) of eggs per 
batch, and the incubation period (days) of eggs laid per female 
were evaluated. Adult female longevity (days) and the duration 
(days) of the full life cycle (from egg oviposition to death of the 
F2 generation females) were also evaluated. The duration (min) of 
the oviposition period and oviposition behavior, considering egg 
batch oviposition, the introduction of the ovipositor in the rear- 
ing container sand (depth in cm), and the distance (mm) between 
eggs of the same batch were evaluated in five randomly selected 
females. The geometric shape and the egg diameter (mm) were 
measured. The egg diameter was measured in five randomly se- 
lected eggs per female from egg batches laid at the intermediate 
time. The color of the newly deposited eggs, those close to hatch- 
ing, and of the unviable eggs were also evaluated. 


Sound observations under laboratory conditions.— The number and 
types of sounds, the sex of individuals emitting them, and the 
reaction of conspecific males and females when hearing these 
sounds were registered. Three trials were set for mating males 
and females in three different combinations and appraising the 
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sounds emitted in each situation. The first trial consisted of four 
crickets: two males and two females. The second trial consisted of 
one male and one female, and the third trial consisted of a single 
individual male. In all trials, only two-day-old virgin crickets were 
used. The largest and healthiest F1 and F2 generation insects from 
the laboratory colony were chosen for the sound tests. Three rep- 
licates per trial were conducted, and the crickets’ behavior in each 
trial was observed and recorded for 24 hours. Each trial was con- 
ducted in one of three glass containers, each at the far end of an 
insect rearing room (25 m’) to minimize the possibility of trials 
interfering with each other. The containers were placed on a bench 
at a height of 1.5 m, 26.5 + 0.5°C, 61.0 + 0.5% RH, and 12h:12h 
(L:D) photoperiod. 


Host plants in the field.—Plants preferred by G. assimilis nymphs and 
adults for feeding, including Eucalyptus spp. and weeds, were evalu- 
ated visually in two commercial plots of Eucalyptus in Inhambupe, 
one without weed removal and another with manual weed remov- 
al at plots establishment. Eucalyptus spp. and weeds were examined 
daily for damage from planting to 30 days. 


Results and discussion 


Biological evaluations of F2 generation nymphs in the laboratory.—G. 
assimilis nymphs passed through five instars in 53 to 66 days (av- 
erage 62.34 days) (Table 1). These results are similar to previous 
reports on Gryllus abbreviatus Serville, 1838, in Illinois (McNeill 
1891) and the fall field cricket, Gryllus pennsylvanicus Burmeister, 
1838, in Indiana, USA (Blatchley 1901). However, our results dif- 
fered from those found in other studies of G. assimilis. For exam- 
ple, G. assimilis from Eucalyptus saligna plantations in Brazil also 
had five instars but spent three to five weeks as nymphs (Grodzki 
1972); G. assimilis collected in T: grandis plantations (Silva et al. 
2013) and those collected in Eucalyptus spp. plantations in Piraci- 
caba, Sao Paulo State, Brazil (Mello et al. 1980), both spent 45 
days as nymphs. These differences may be due to variation in RH 
in the laboratories (61.0 + 0.5% in this study vs. 70.0 + 10.0% in 
the others). 


Behavioral assessment of nymphs in the laboratory (F2 generation) and 
field.—In the laboratory, G. assimilis nymphs emerged between 
05:00 and 10:00 AM, with a peak around 06:00 AM (Table 1). 
This time corresponds to sunrise in Inhambupe, with milder tem- 
peratures and rains or dew during the rainy season. The newly 
emerged, yellowish-white G. assimilis nymphs, which spread 
through the rearing container shortly after hatching in the labora- 
tory, turned brown after about two hours and then turned darker 
brown to black as they developed. Cannibalism was observed only 
on moribund or dead nymphs in both the absence and presence 
of food and a moisture source; the abdomen of the victim was 
the most attacked body part. First and second instar nymphs are 
more agile than the other instars. During the daytime, nymphs re- 
mained in dark places and began foraging in the rearing contain- 
ers at about 05:00 PM. No preferential feeding time was observed. 
About 2% of the nymphs were trapped in the eggshell and died, 
probably from injuries to their bodies. The nymphs fed on their 
exuviae after molting making it difficult to evaluate the number of 
exuviae. Cannibalism behavior on weak or dying individuals had 
rarely been observed among laboratory-living individuals (Ackert 
and Wadley 1921). 

In the laboratory, G. assimilis eggs were laid in the container 
provided with sterilized fine sand as oviposition substrate. Females 
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leaned on their anterior legs and lowered their abdomen, intro- 
ducing the ovipositor in the sand to a depth of up to 1.5 cm. Dur- 
ing the oviposition process, females moved the abdomen down 
and upwards rapidly several times in a single location. In an egg 
batch, the distance between each egg was about 1 mm. The num- 
ber of eggs laid was lower on drier substrates, and no eggs were laid 
on very moist substrates. The oviposition period was 5 min per 
egg batch, and a higher number of eggs were laid at night. Feeding 
habits of adults were similar to that of the nymphs, with cannibal- 
ism on dying or dead individuals being observed regardless of the 
lack or presence of food and a moisture source. As cannibalism 
was performed, aggressiveness among individuals was observed. 

In the field, first instar nymphs were observed aggregated in 
the interior of galleries they excavated. These nymphs separated 
from each other according to their development and remained in 
the galleries at an average depth of 20 cm. This depth probably 
increases according to nymphs' development and soil moisture, 
which are important parameters for nymph hatching and develop- 
ment during the rainy season. 


Bioecological evaluations of F2 generation adults and their eggs in the 
laboratory.—The G. assimilis female: male ratio was 6:4. Copula oc- 
curred during the daytime (04:30 AM to 04:00 PM), coinciding 
with a reduction in foraging activity (Table 1). The number of cop- 
ulations per couple varied from zero to four (average 1.34). The 
pre-oviposition, oviposition, and post-oviposition periods ranged 
from 16 to 37, 11 to 66, and from 0 to 12 days with averages of 
35.20, 36.80, and 4.50 days, respectively (Fig. 1). The number of 
egg batches, total eggs, and eggs per batch per female ranged from 
8 to 55 (average 25.50), 260 to 1,918 (average 862.17), and 23.64 
to 46.13 (average 34.65 eggs), respectively. Egg viability was 8 to 
38% (average 22%). The egg incubation period ranged from 11.38 
to 12.40 days (average 11.87). The F2 adult females' longevity 
ranged from 27 to 115 days (average 76.50 days); while the entire 
F2 adult females’ life cycle duration (from the egg stage to death) 
was 138.34 days (Table 1). 

Our results generally agreed with earlier works. For example, 
Veazey et al. (1976) indicate that between 30 to 80% of the total 
individuals are males for Gryllus spp. in the field in Florida, USA. 
Variation from zero to four in the copulation number per G. assi- 
milis couple confirms the fact that multiple mating is frequent and 


Minimum Maximum 


Oviposition 


Pre-oviposition Post-oviposition 

Fig. 1. Minimum, maximum, and mean duration of the pre-ovi- 
position, oviposition, and post-oviposition periods of Gryllus as- 
similis (Orthoptera: Gryllidae) in the laboratory (N = 50 couples). 
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Table 1. Gryllus assimilis biological and behavioral parameters under laboratory conditions: minimum (Min.), maximum (Max.), mean 


(Mean), total (Total), and sample size (N). 


Parameters Min. 
Number of instars - 
Duration nymphal stage (days) 53 
Sex ratio females: males - 
Number of copulations per couple 0 
Time at copulation 04:30 AM 
Number of egg batches per female 8 
Total number of eggs per female 260 
Eggs per batch per female 23.64 
Viability of eggs (%) 8.40 
Incubation period of eggs (days) 11.38 
Longevity of adult females (days) 27 
Female life cycle duration (egg, nymph, and adult) (days) - 
Egg diameter (mm) 2.8 
Time of nymph emergence 05:00 AM 


Dead nymphs adhered to egg shell (%) - 
Cannibalism on abdomen (%) ~ 
Time nymphs began foraging - 
Depth of galleries excavated by nymphs (cm) - 
Depth of ovipositor introduction into the sand (cm) - 
Distance between eggs in the same batch (mm) - 
Duration of egg batch oviposition (min) - 


Max Mean Total N 
- - 5 500 
66 62.34 - 500 
- - 6:4 100 
4 1.34 - 50* 
04:00 PM - - 50* 
55 25°50 - 50* 
1,918 862.17 - 50* 
46.13 34.65 - 50* 
38.24 22.37 - 20** 
12.40 11.87 - 20** 
115 76.50 50* 
- 138.34 - 50* 
332 3.0 - 250 
10:00 AM 06:00 AM - 20*** 
- - 100 ZO us 
- - 05:00 PM DOr 
- 20 - 20 
1.5 - - Ose 
rae 1.0 = g* 2k OK OK Ok 
a 5 7 Di 2K OK OK OK OK 


* Number of couples, ** number of eggs per first, intermediate, and final egg batch laid per couple, *** number of nymphs obtained from eggs per 
first, intermediate, and final batch per couple, **** number of ovipositor introductions per first, intermediate, and final batch per couple, and ***** 
number of egg batches for first, intermediate, and final batch laid per couple. 


beneficial for female crickets (Arnqvist and Nisson 2000). The fe- 
male Mediterranean field cricket, Gryllus bimaculatus De Geer, 1773 
(Bretman and Tregenza 2005), and the tropical house cricket, Gryl- 
lodes sigillatus Walker, 1869 (Orthoptera: Gryllidae) (Sakaluk et al. 
2002), can mate up to 7 and 15 times, respectively. The number of 
matings increases fecundity and the number of eggs produced by 
vocal field cricket females, Gryllus vocalis Scudder, 1901 (Gershman 
2009). Regarding the number of eggs laid per female, we found a 
higher number than Mello et al. (1980), who worked on a popula- 
tion of G. assimilis females collected in a Eucalyptus sp. plantation 
and subsequently reared in the laboratory in Piracicaba, Sao Paulo 
State, Brazil. Nonetheless, egg viability was higher (86%) in the 
Piracicaba population than in our present study (22%). This vari- 
ation may be attributed to differences in the rearing environment, 
e.g., RH. The low viability of the eggs may be associated with a 
failure in copulation and the rejection of the female by the second 
male after the exchange of the first one due to its premature death; 
i.e., non-mating females may lay infertile eggs. Eggs from the first 
and final batches laid showed variable viability, while batches laid 
at the intermediate time had the most fertile eggs. This suggests 
that females require periodic copulations to maintain the viability 
of their eggs. It was noticed that in those females that laid a low 
number of eggs, the eggs had high viability, suggesting a negative 
correlation between the total number of eggs laid per female and 
their viability. Out of the viable eggs laid within a single batch, 
95% hatched within 24 h. 

We found a similar incubation period of G. assimilis eggs com- 
pared with the population from Eucalyptus spp. plantations in 
Piracicaba, Sao Paulo State, Brazil (Mello et al. 1980). However, 
in a study in Manhattan, Kansas, USA, Ackert and Wadley (1921) 
found that the incubation period of eggs from young G. assimi- 
lis females mated in the field and brought to the laboratory was 
three weeks. The longevity of G. assimilis females in this study was 
higher than the longevity of the same species of undetermined 


sex from the study of Silva et al. (2013), which was about 60 days, 
and higher than those of undetermined sex from the study by 
Mello et al. (1980), of about 45 days. The complete life cycle of 
G. assimilis females (from the egg stage to the females’ death) was 
138.34 days, suggesting the potential of two or three generations 
per year in Inhambupe, Bahia State, Brazil. However, two is more 
likely because the rainy season in this municipality lasts about five 
months. In contrast, the life cycle of G. assimilis individuals col- 
lected on E. saligna plantations in Brazil was about three months 
in summer and shorter in winter (Grodzki 1972). 

G. assimilis eggs were rod-shaped and 3.0 + 0.2 mm diameter. 
Eggs were white-opaque soon after oviposition, becoming straw- 
yellow except for the apex, which darkened as it neared hatching. 
Inviable eggs were translucent white soon after deposition, mak- 
ing it easier to distinguish them. Some viable eggs became dark 
yellow and wrinkly at low RH, rendering them inviable. 


Sound observations.—G. assimilis males emitted three types of 
sound. These sounds were emitted at different times in the lab- 
oratory, each during a specific situation. The first sound was for 
marking territory, the second for courtship, and the third could be 
heard when the insect was alone. Each sound provoked a particu- 
lar reaction in both conspecific females and males. The sound for 
marking territory was emitted intensely by the males in contain- 
ers with two female and two male individuals, indicating territo- 
rial disputes. The wings were quickly raised, and the characteristic 
sound was emitted. One male retreated from the other and re- 
turned or not to the dispute after a few minutes, ending with the 
death or injury of the smaller, weaker insect. In most cases, the 
winner changed his song to courtship. 

The sound for courtship was alternating, soft, strident, low fre- 
quency, and was done while the male slowly walked behind the 
female and turned his back to her. Then, the male lowered his ab- 
domen to the female, which mounted the male, then lowered her 
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Fig. 2. Gryllus assimilis (Orthoptera: Gryllidae). A. Adult; B, C. Damage to Eucalyptus sp. (Myrtaceae). 


abdomen for the male to introduce his copulatory organ into her 
genital opening, remaining in this position for less than a minute. 
Noises caused by equipment and people in the laboratory caused 
the female to dismount from the male several times with both 
returning to the mating position. Courtship lasted for up to one 
hour and the copulation period lasted about eight minutes. The 
spermatophore was observed at the insertion of the genital open- 
ing of copulated G. assimilis females. The calling sound emitted by 
individuals alone in the laboratory rearing container was continu- 
ous, strident, and often attracted sexually receptive females. 
Sound production by resting G. assimilis males is a common 
behavior of Gryllus spp. The sound is produced by a structure 
called the pars stridens composed of small teeth on the ventral 
region of the right tegmen that are scraped by a “scraper” on the 
border of the left tegmen (portion of the anal edge), similar to a 
“washboard”. These teeth generally present a triangular, uniform, 
and sloping morphology and gradually decrease in size at both 
ends (David et al. 2003). The sound may be indicative of cricket 
species, but G. assimilis individuals emitted different sounds in the 
field in North Carolina, USA (Fulton 1932). After the emission 
of territorial marking sounds, disputes between Gryllus spp. males 
and females are aggressive, but females do not necessarily mate 
with the winning male (Loranger and Bertram 2016). Vigorous 


males of Gryllus spp. win more competitions with rivals for terri- 
tory and mating (Bertram and Rook 2012). The G. assimilis court- 
ing sound has two components: “chirps” and “ticks”. “Chirps” are 
groups of low amplitude and frequency sound pulses and “ticks” 
are single pulses of greater amplitude with a high dominant fre- 
quency. Although variable, a cricket sound consists of five “chirps” 
followed by two “ticks” (Vedenina and Pollack 2012). The Gryllus 
spp. courtship sound forms the basis for sexual choice (Rebar et 
al. 2009). The calling sound is less complex with only one ele- 
ment, while the courtship call has two which differ in time and 
frequency (Elsner and Popov 1978). The sound of G. assimilis has 
been registered in oscillograms by Weissman et al. (2009), Shesta- 
kov and Vedenina (2012), and Pacheco et al. (2013). 


Host plants in the field.—Eucalyptus spp. seedlings were more 
damaged by G. assimilis nymphs and adults after the manual 
removal of weeds (Fig. 2). This suggests that the weeds are 
preferred food for this insect. In this study, damage by G. 
assimilis was mainly observed on rass-jack weeds, Bidens pilosa 
(Asteraceae), native to the Americas (Rejmanek et al. 2017); lilac 
tassel flower, Emilia sonchifolia (Asteraceae), native to Asia (Sheikh 
and Dixit 2017); Solanum sp. (Solanaceae); and amaranth, 
Amaranthus hybridus (Amaranthaceae), native to North America 
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(lamonico and El Mokni 2017). G. assimilis fed on weeds of 
M. sativa; Kentucky bluegrass, Poa pratensis; bindweed species, 
Convolvulus (Convolvulaceae); crabgrass, Syntherisma sanguinale; 
Dulac and Bermuda grass, Capriola dactylon (Poaceae) as well as 
decomposing bodies of its own species and animal carcasses in 
areas near Manhattan, Kansas, USA (Ackert and Wadley 1921), 
confirming the polyphagous habits of this insect. 


Acknowledgements 


We would like to thank Dr. Phillip John Villani (University of 
Melbourne, Australia) for revising and correcting the English lan- 
guage used in an early version of this manuscript. We also thank 
the laboratory and field staff of Bracell Ltd. for their help in this 
research. Funding was provided by the following Brazilian institu- 
tions: Conselho Nacional de Desenvolvimento Cientifico e Tec- 
noldgico (CNPq), Coordenacao de Aperfeicoamento de Pessoal 
de Nivel Superior (CAPES) - Finance code 001, Fundacao de Am- 
paro a Pesquisa do Estado de Minas Gerais (FAPEMIG), Fundacao 
de Amparo a Pesquisa do Estado de Sao Paulo (FAPESP), and Pro- 
grama Cooperativo sobre Protecao Florestal (PROTEF) of the In- 
stituto de Pesquisas e Estudos Florestais (IPEF). 


References 


Ackert JE, Wadley FM (1921) Observations on the distribution and life 
history of Cephalobium microbivorum Cobb and of its host, Gryllus as- 
similis Fabricius. Transactions of the American Microscopical Society 
40: 97-115. https://doi.org/10.2307/3221581 

Alexander RD, Walker TJ (1962) Two introduced field crickets new to 
Eastern United States (Orthoptera: Gryllidae). Annals of the Ento- 
mological Society of America 55: 90-94. https://doi.org/10.1093/ 
aesa/55.1.90 

Arnqvist G, Nisson T (2000) The evolution of polyandry: Multiple mating 
and female fitness in insects. Animal Behaviour 60: 145-164. https:// 
doi.org/10.1006/anbe.2000.1446 

Barbosa LR, Iede ET, Santos F (2009) Characterization of mischief of Gryl- 
lus spp. in plants of eucalyptus, in laboratory. Pesquisa Florestal Bra- 
sileira 30: 63-68. https://doi.org/10.4336/2009.pfb.59.63 

Bertram SM, Rook V (2012) Relationship between condition, aggres- 
sion, signaling, courtship, and egg laying in the field cricket, Gryl- 
lus assimilis. Ethology 118: 360-372. https://doi.org/10.1111/j.1439- 
0310.2011.02019.x 

Blatchley WS (1901) The Orthoptera of Indiana: An Illustrated Descriptive 
Catalogue of the Species Known to Occur in the State, with Bibliog- 
raphy, Synonymy and Descriptions of New Species. Indiana Depart- 
ment of Geology and Natural Resources Press, Indianapolis, IN, USA. 
https://doi.org/10.5962/bh1.title.8712 

Bretman A, Tregenza T (2005) Measuring polyandry in wild populations: A 
case study using promiscuous crickets. Molecular Ecology 14: 2169- 
2179. https://doi.org/10.1111/j.1365-294X.2005.02556.x 

David JAO, Zefa E, Fontanetti CS (2003) Cryptic species of Gryllus in the 
light of bioacoustic (Orthoptera: Gryllidae). Neotropical Entomology 
31: 75-80. https://doi.org/10.1590/S1519-566X2003000100010 

Doggett CA, Hawley V, Norris W (1980) Cricket damage to red cedar seed- 
lings. Tree Planters’ Notes 31: 18. 

Elsner N, Popov A (1978) Neuroethology of acoustic communication. 
Advances in Insect Physiology 13: 229-335. https://doi.org/10.1016/ 
S0065-2806(08)60267-2 

Folsom JW (1931) Damage to cotton by crickets. Journal of Economic En- 
tomology 24: 807-815. https://doi.org/10.1093/jee/24.4.807 

Fulton BB (1932) North Carolina's singing Orthoptera. Journal of the Eli- 
sha Mitchell Scientific Society 47: 55-69. 

Gershman SN (2009) Large numbers of matings give female field crickets a 
direct benefit but not a genetic benefit. Journal of Insect Behavior 23: 
59-68. https://doi.org/10.1007/s10905-009-9195-y 


M.V. MASSON, W.S. TAVARES, J.M. ALVES, P.J. FERREIRA-FILHO, L.R. BARBOSA, C.F WILCKEN AND J.C. ZANUNCIO 


Grodzki RM (1972) Gryllus assimilis: Danos causados e métodos de com- 
bate. Revista Floresta 4: 34-37. https://doi.org/10.5380/rf.v4i2.5754 

Guerra PA, Pollack GS (2007) A life history trade-off between flight abil- 
ity and reproduction behavior in male field crickets (Gryllus texen- 
sis). Journal of Insect Behavior 20: 377-387. https://doi.org/10.1007/ 
$10905-007-9084-1 

Hall DG (1988) Insects and mites associated with sugarcane in Florida. 
Florida Entomologist 71: 138-150. https://doi.org/10.2307/3495361 

Hutchins RE, Langston JM (1953) An unusual occurrence of the field 
cricket. Journal of Economic Entomology 46: 169-169. https://doi. 
org/10.1093/jee/46.1.169 

Iamonico D, El Mokni R (2017) Amaranthus palmeri, a second record for 
Africa and notes on A. sonoriensis nom. nov. Bothalia 47: 1-4. https:// 
doi.org/10.4102/abc.v47i1.2100 

Loranger MJ, Bertram SM (2016) The effect of male dominance on female 
choice in a field cricket (Gryllus assimilis). Animal Behaviour 114: 45- 
52. https://doi.org/10.1016/j.anbehav.2016.01.020 

Masson MV, Tavares W de S, Lopes F de A, de Souza AR, Ferreira-Filho 
PJ, Barbosa LR, Wilcken CF, Zanuncio JC (2017a) Selitrichodes neseri 
(Hymenoptera: Eulophidae) recovered from Leptocybe invasa (Hyme- 
noptera: Eulophidae) galls after initial release on Eucalyptus (Myrta- 
ceae) in Brazil, and data on its biology. Florida Entomologist 100: 
589-593. https://doi.org/10.1653/024.100.0316 

Masson MV, Tavares W de S, Pereira DWV, Matos WC, Lopes F de A, 
Ferreira-Filho PJ, Wilcken CFE, Zanuncio JC (2017b) Management 
of Hylesia nanus (Lepidoptera: Saturniidae) on Eucalyptus (Myrta- 
ceae) plantations. Florida Entomologist 100: 380-384. https://doi. 
org/10.1653/024.100.0239 

McNeill J (1891) A list of the Orthoptera of Illinois. I. Psyche 6: 3-9. https:// 
doi.org/10.1155/1891/35871 

Mello AMLT, Silveira Neto S, Parra JRP (1980) Fertility and life expectancy 
table for Gryllus assimilis (Fabricius, 1775) (Orthoptera, Gryllidae) in 
the laboratory. Anais da Sociedade Entomologica do Brasil 9: 133-141. 

Nascimento DA, Anunciacao Jr. RM, Arnhold A, Ferraz Filho AC, dos San- 
tos A, Zanuncio JC (2016) Expert system for identification of eco- 
nomically important insect pests in commercial teak plantations. 
Computers and Electronics in Agriculture 121: 368-373. https://doi. 
org/10.1016/j.compag.2015.12.024 

Pacheco K, Dawson JW, Jutting M, Bertram SM (2013) How age influences 
phonotaxis in virgin female Jamaican field crickets (Gryllus assimilis). 
Peer] 1: e130. https://doi.org/10.7717/peerj.130 

Rebar D, Bailey NW, Zuk M (2009) Courtship song's role during female 
mate choice in the field cricket Teleogryllus oceanicus. Behavioral Ecol- 
ogy 20: 1307-1314. https://doi.org/10.1093/beheco/arp143 

Rehn JAG, Hebard M (1915) The genus Gryllus (Orthoptera) as found in 
America. Proceedings of the Academy of Natural Sciences of Philadel- 
phia 67: 293-322. 

Rejmanek M, Huntley BJ, Le Roux JJ, Richardson DM (2017) A rapid survey 
of the invasive plant species in western Angola. African Journal of 
Ecology 55: 56-69. https://doi.org/10.1111/aje.12315 

Sakaluk SK, Schaus JM, Eggert AK, Snedden WA, Brady PL (2002) Poly- 
andry and fitness of offspring reared under varying nutritional 
stress in decorated crickets. Evolution 56: 1999-2007. https://doi. 
org/10.1111/j.0014-3820.2002.tb00126.x 

Sampaio TF, Dalcin TE, Bogiani JC, Mori ES, Guerrini IA (2016) Selection 
of Eucalyptus clones and adjustment of potassium doses for extended 
drought in Bahia savanna. Revista Arvore 40: 1031-1039. https://doi. 
org/10.1590/0100-67622016000600008 

Severin HC (1926) The common black field cricket, Gryllus assimilis (Fab.) 
and its control. Journal of Economic Entomology 19: 218-227. https:// 
doi.org/10.1093/jee/19.2.218 

Sheikh DK, Dixit AK (2017) Occurrence of invasive plant in three phy- 
togeographical region of Bilaspur district of Chhattisgarh. An- 
nals of Plant Sciences 6: 1872-1878. https://doi.org/10.21746/ 
aps.2017.6.12.13 

Shestakov LS, Vedenina VY (2012) A problem of taxonomic status of “banana 
cricket” from culture of the Moscow Zoo insectarium. Entomological 
Review 92: 262-270. https://doi.org/10.1134/S0013873812030025 


JOURNAL OF ORTHOPTERA RESEARCH 2020, 29(1) 


M.V. MASSON, W.S. TAVARES, J.M. ALVES, P.J. FERREIRA-FILHO, L.R. BARBOSA, C.F. WILCKEN AND J.C. ZANUNCIO 


Silva CVM, Yamaki KY, Silva AG (2013) Identification and characteriza- 
tion of insect fauna on teak plantation (Tectona grandis). Nucleus 10: 
207-218. https://doi.org/10.3738/1982.2278.879 

Silveira JA, Souto HN, Miranda Filho R, Ferreira QC, Ribeiro FA (2014) Levan- 
tamento preliminar qualitativo das ordens e das espécies de invertebra- 
dos em diferentes estagios de crescimento de eucalipto Eucalyptus gran- 
dis, no municipio de Monte Carmelo - MG. Revista GETEC 3: 74-82. 

Spann L (1934) Studies on the reproductive systems of Gryllus assimilis 
Fabr. Transactions of the Kansas Academy of Science 37: 299-341. 
https://doi.org/10.2307/3625312 

Stape JL, Goncalves JLM, Gongalves AN (2001) Relationships between nurs- 
ery practices and field performance for Eucalyptus plantations in Bra- 
zil. New Forests 22: 19-41. https://doi.org/10.1023/A:1012271616115 

Thomas WA, Reed LB (1937) The field cricket as a pest of strawberries and 
its control. Journal of Economic Entomology 30: 137-140. https:// 
doi.org/10.1093/jee/30.1.137 


89 


Weissman DB, Rentz DCF, Alexander RD, Loher W (1980) Field crickets 
(Gryllus and Acheta) of California and Baja California, Mexico (Or- 
thoptera: Gryllidae: Gryllinae). Transactions of the American Ento- 
mological Society 106: 327-356. 

Weissman DB, Walker TJ, Gray DA (2009) The field cricket Gryllus assi- 
milis and two new sister species (Orthoptera: Gryllidae). Annals of 
the Entomological Society of America 102: 367-380. https://doi. 
org/10.1603/008.102.0304 

Veazey JN, Kay CAR, Walker TJ, Walker WHW (1976) Seasonal abundance, 
sex ratio, and macroptery of field crickets in Northern Florida. Annals 
of the Entomological Society of America 69: 374-380. https://doi. 
org/10.1093/aesa/69.2.374 

Vedenina VY, Pollack GS (2012) Recognition of variable courtship song in 
the field cricket Gryllus assimilis. Journal of Experimental Biology 215: 
2210-2219. https://doi.org/10.1242/jeb.068429 


JOURNAL OF ORTHOPTERA RESEARCH 2020, 29(1) 


